Descriptions 6if E*ratoid.tumors of the mammalian testis, other than for man and the horse, are Mre~. In mice teratoma testis has not heretofore been reported. Furthermore, there are only a few descriptions of the ovarian counterpart of this type of tumor in the mouse." 2, 3, 4 In view of the paucity of information concerning teratknas in mice, their occurrence in the testes of an inbred strain is of considerable interest, especially since they appear spontaneously in a definite proportion of males.
The testicular teratomas to be described here are not simple malformations but, like the ovarian lesions mentioned above, are true tumors which possess the power of progressive growth. They have all appeared in strain 129 mice and are composed of a variety of embryonic and adult tissues which are not normally found in the testis. Anatomical studies of teratoma testis in the horse and in man revealed that, although they are typically disorganized, certain tissue correlations may exist.5 Little is known of the functional capacities of teratomatous tissues, such as secretion hemopoiesis, movement, and nervous activity.
Experimental itivestigations of teratomas have been conspicuously few. Testicular teratomas have been produced experimentally in fowl by intratesticular injection of inorganic zinc or copper salts.6 Twombley, Meisel, and Strout7 found that intrasplenic grafts of day-old rat testes in castrate animals became tumorous. In most case Leydig cell tumors developed, but a few of the grafts resembled teratomas in that they contained striated muscle and fat. However, Firminger8 has pointed out that "the finding of striated muscle and fat would be adequately explained on Despite several attempts to gain information leading to a better understanding of teratomas, there is little conclusive evidence to elucidate such basic problems as their origin, etiological factors which influence their incidence, the developmental stage during which they arise, and the sequence of tissue differentiation during the development of the tumors.
The main difficulties in studying teratomas of large mammals are associated with the rarity and large size of the tumors, the length of life of the host, and the long latenit period betAvee iincipient tumorigenesis and clinical recognition of the tumor:
These difficulties may to a degree he surmounted by examiniationl of the goiiads of a large inumber of individuals of aii inbred straini of mice in whi(h there is a high in-' cidence of sponitaneous testicular teratomas.
INCIDENCE OF TESTICULAR TERATOMAS IN STRAIN 129 MICE
Thus far, 32 spontaneous testicular teratomas have been found in our colony of strain 129 mice. Ten additional cases have been observed in strain 129 mice from another colony from which ours was derived. In order to determine the incidence of these tumors, an account has been kept of the number and age of male mice examined. This information was not available for all 42 teratomas. Of 3,557 males, 30, or nearly 1 per cent, have borne these neoplasms.
There seems to be no particular age group in which these tumors predominantly occur, although our data may be inconclusive because the number of males examined at the age extremes has been relatively small (see Table 1 ). The youngest mouse testes in an attempt to determine whether or not these teratomas are congenital. There is no indication that the incidence varies with the age of the mother, the litter size, or the litter seriation (see Table 2 ). Of forty cases where laterality is Ovaries of strain 129 female mice have been examined without finding teratomas. However, in one 6-month-old female, F1129 X DBA, a large teratoma similar in structure to those described by Jackson and Brues2 and Fekete and Ferrigno4 was found in the left ovary. Examination of the gonads of other inbred strains of mice in our colony has not revealed teratomas.
In about 5 per cent of strain 129 males, one testis is reduced in size. About 80 per cent of these small testes occur on the left side. In most cases, a congenital hematoma in the testes is accompanied by degeneration of all or a fraction of the spermatogenic tubules. Examination of such small testes has failed to reveal teratomatous growths.
DESCRIPTION OF STRAIN 129 TESTICULAR TERATOMAS
UJsually there are no external symptoms indicating a teratomatous testis. Most have been discovered during autopsy. In five of the forty-two cases, however, there has been proniounced enlargement of the affected gonad, such as the one shown in Figure 1 . In these large growths, dark hemorrhagic patches are apparent through 40, 1954 PATHOLOGY: STEVENS AND LITTLE There seems to be a correlation between the size of a teratoma and the number of tissue types it contains (see Table 3 ). Similarly, there is an apparent relationship between the age of the animal bearing the tumor and the variety of tissue types in the teratoma. In four of the younger animals (from 8 to 16 days), only nervous tissue, cuboidal epithelium, and undifferentiated embryonic tissue were present. The rapidly growing transplantable tumor was derived from a highly differentiated growth in the testis of a 40-day-old mouse and is currently in the sixteenth generation of serial transplantation. It is composed of prolific undifferentiated cells, majy of which are polyploid and show mitotic irregularities. The tumor is retransplanted every two weeks, when it reaches about 2 cm. in diameter. The structure as well as the growth rate of the tumor has remained unchanged since the initial transplant generation. When homogenized in saline and injected intraperitoneally, this transplantable tumor has flourished in the ascitic fluid of strain 129 mice and has persisted as a transplantable ascitic tumor.
At the time of the sixth transplant generation the tumor was grafted into five DBA/1 hosts. In three cases the tumor grew in the foreign strain and has survived serial transplantation in that strain for twelve generations. Grafts into four other foreign strains have succumbed to the homograft reaction within about 10 days.
In contrast, all other grafts of spontaneous teratomas have not increased in size after periods as long as 9 months but have persisted as small hard nodules of welldifferentiated adult-type tissues. These grafts are similar in growth characteristics and histological composition to homogenized 13-14-day fetal tissue injected subcutaneously.
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DISCUSSION
The strain 129 mice of our colony possess a genetic makeup predisposing testicular elements toward the formation of teratomas. The mechanisms involved are as yet obscure, even as to the organ or tissue initially affected. The effect may not necessarily be confined to gonadal components but may include the environment of the developing gonad.
As to the etiology of these tumors, two features might lead us to discount either a hypothesis which restricts consideration to testicular tissues or a hypothesis which implies a general physiological influence, such as hormone unbalance: (1) Seventyfive per cent of the forty teratomas have been found in the left testis. It might be expected that a hereditary condition which affects particular gonadal cells would do so as frequently on one side as on the other. Similarly, a generalized physiological influence would be likely to affect both sides with equal frequency. It may be significant in this respect that the developing ovary of young strain 129 mice does not undergo spontaneous tumorigenesis. The development of gonadal teratomas in strain 129 mice seems to depend upon a sex difference. It is possible that a difference such as gonadal migration may be involved. In this connection, it may be well to point out that a difference in the time of migration exists between the right and the left testes. (2) In about 5 per cent of the males of strain 129 mice, one testis, usually the left, shows degenerative changes and is reduced in size. Examination of such small testes has failed to reveal teratomatous growths. Here, again, however, a hereditary tendency with a primarily unilateral effect suggests the likelihood that the two conditions, small testis and teratoma testis, may have etiological factors in common.
The amount of the testis damaged in these small testes varies from slight to total. It is conceivable that slight damage, not enough to cause degeneration of the testis, may predispose it toward teratogenesis. It is tempting to draw a parallel between this situation and Holtfreter's10 theory of the role of sublethal cytolysis in the induction of embryonic neural tissue from prospective epidermis in amphibian embryos-especially since it appears that one of the first tissue types to appear in the development of testicular teratomas of our mice resembles embryonic brain.
Our observations fail to prove but strongly indicate that environmental influences, such as vascular abnormalities, are at least partially responsible for the genesis of testicular teratomas in the genetically susceptible strain 129 mice. The experimental production of testicular teratomas in fowl by injections of salts involves injury to the gonad, and it may be that a specific genetically controlled set of circumstances may also result in injury and consequent teratoma formation in strain 129 mice. This possibility will receive further study.
In humans, testicular teratomas have been found in young males, which indicates a congenital origin. They usually do not become clinically detectable until the fourth decade of life, and it is believed that there is a long period of dormancy, followed by a postpubertal activation of growth. The occurrence of teratomas in very young mice indicates that these tumors, too, may be congenital in origin. As shown in Table 1 , the available data indicate that there is no increase in the frequency of these tumors with advancing age. These data suggest that, in these mice, the tumors develop as a result of influences acting at an early (probably prenatal) VOL. 40, 1954 developmental stage and that they do not arise in later life. On the other hand, the studies on fowl and the rat demonstrate that the testis is susceptible to postnatal teratogenic influences. 6 The results of the studies with rat testis are not in agreement with those of Li et al.,9 who showed that intrasplenic testicular grafts in castrate mice do not become teratomatous. Our results with intrasplenic testicular grafts, using an unusually susceptible strain of mice, are in accord with the latter findings, which makes it seem unlikely that this particular condition of hormone unbalance promotes the genesis of testicular teratomas in mice.
With one exception, grafts of spontaneous teratomas have persisted but have not as yet developed into progressively growing transplantable tumors. This is in contradistinction to the behavior of grafts of spontaneous ovarian teratomas which have developed into rapidly growing transplantable tumors.2 3 As stated above, undifferentiated embryonal cells are infrequently present in teratoma testis of strain 129 mice, which may account for the "benign" behavior of the grafts. The maintenance of progressive growth and pleomorphic character through serial transplant generations of ovarian teratomas has been ascribed to the presence of pluripotent embryonal cells. This view is strengthened by the fact that the single transplantable testicular teratoma exhibiting progressive growth is composed entirely of undifferentiated, rapidly dividing embryonic-type cells.
Teratomas in the testes of very young mice contain undifferentiated embryonic cells, nervous tissue, and cysts lined with cuboidal epithelium. The preponderance of embryonic cells in these relatively simple tumors makes it seem likely that they give rise to the various types of differentiated cells found in the more complex teratomas. This view is in accord with the interpretation of the results of the transplantation experiments of Jackson and Brues2 and Fekete and Ferrigno,4 which revealed that the various types of tissues in their transplantable mouse oya0ria teratomas stem from embryonic undifferentiated cells rather than from neopk differentiated elements. Our observation of "normal-appearing" nervous tissue, bone, cartilage, muscle, fat, etc., along with repeated failure of teratomas composed of these elements to demonstrate progressive growth upon transplantation, does not suggest a multiplicity of tumor types. We seem to be faced with a paradoxical situation in which neoplastic cells differentiate into normal-type tissue cells.
A morphogenetic scheme has been presented by Friedman,"I in which it is proposed that the following sequence of tumor types prevails in the development of human testicular teratomas: germinoma "embryonal carcinoma"-teratogenesis -> teratoma. On the basis of extensive morphological observation, Dixon and Moore12 deem it most likely that the earliest form of tumor which develops into testicular teratoma is embryonal carcinoma composed of nearly totipotent, undifferentiated cells of presumably germ-cell origin. Our by reduction in size of the testis through degenerative changes. Both teratoma testis and small testis occur about three times more frequently on the left side than on the right, and it is suggested that similar etiological factors, which may be associated with gonadal migration, are involved.
There seems to be a correlation between the size of a teratoma and the number of tissue types it contains. The simplest teratomas examined were composed of undifferentiated embryonic tissue, nervous tissue, and cysts lined with cuboidal epithelium. The more complex tumors contained several additional tissue types. It is suggested that differentiated elements stem from pluripotent embryonic-type cells.
Fifteen spontaneous teratomas have been transplanted. Of these, all have taken, but only one has developed into a rapidly growing transplantable tumor. This transplantable tumor consists of undifferentiated cells which grow both subcutaneously and in the ascitic fluid.
It is pointed out that an inbred strain of mice in which a relatively large percentage of males develop testicular teratomas may be an important tool in the study of some hitherto unexplored aspects of the biology of these interesting growths.
